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COMPARISONBETWEENPL\NT SPECIES IN BL SllV-TULFU
WOODR\TMIDDENSANDIN THE HABITAT

Barbara A. Frase' and WentK E. Sera^-

Abstr\ct.— Bushy-tailed woodrats (\eotoma cinerea) collect xegetation and store it in middens. \VV asked to what
extent plant species collected h\ woodrats reflect the arra> of species growing in the habitat. Species composition of
plant clippings at 20 bushy-tailed woodrat middens in central Colorado was c-ompared to vegetation growing within 30
111 of the dens, .\niount of overlap bet^veen midden and habitat species was low (28-i9^) when all laxa were included;
liowever, if only woody taxa were considered. o\erlap was 71-897c. Sorensens Inde.x of Similarity exhibited a like pat-
tern; the index increased markedK if only woody taxa were included. Only one plant species not found within 30 mof a
den occurred in significant amounts in the middens. Bush\-tailed woodrats collected a wide array of sjxvies but were
more selective the greater the habitat plant diversity'. Results of this and other studies indicate that the concordanc-e
bet\veen midden contents and habitat \egetation decreases with increasing habitat plant diversity . .\ncient wo<xlraf
middens are nonetheless useful to paleontologists seeking to reconstruct past vegetation associations since wood> vege-
tation is w ell represented in middens.

Key uurcl.s: hushy-tailed woodrat. Neotoma cinerea. midden, foraging, paleoecology, fossil midden.

The lnish\ -tailed woodrat, \eotoma
cinerea. occurs in western North America in a

wide range of habitats and temperature
regimes. In Colorado, A', cinerea most often

lives in shrub and woodland communities
w here Douglas fir, ponderosa pine, aspen, and

a \ariet\' of shrubs such as sagebrush, snow-

berr\; rabbitbrush. and scrub oak occiu". How-
ex er, the bush\ -tailed woodrat is more depen-

dent on the existence of suitable cre\ices in

cliff outcrops than on the t>pe of \ egetational

association (Finley 1958). The woodrat con-

structs its nest in such a crevice, wherein it

t\ picalK accumulates a separate midden con-

sisting chiefly of bones, fecal pellets, woody
branches, and plant clippings. Separate food

caches ma\- be nearb\. Clippings consist of

either vegetation stored for fiitine consimip-

tion or debris remaining after partial con-

sumption b\ a woodrat at the den.

We inxestigated species composition of

plants collected by bush\-tailed woodrats in

Colorado at ele\ations of 2400 and 2530 m.

Sites included different vegetational associa-

tions ranging from xeric to dr\-mesic. The

occurrence of indi\ idiial plant species in mid-

dens, nests, and food caches was compared to

the presence of each species grow ing w ithin

30 mof the cliff. This comparison is of interest

for several reasons. First, paleontologists use

contents of fossil woodrat middens to deter-

mine species composition of Pleistocene and
earl\ Holocene \egetational communities
(Betancourt et al. 1990). It is therefore impor-

tant to know whether woodrats collect plant

material based on avaiiabilitx' (cf Wells 1976),

or whether woodrat selecti\it\ introduces a

significant bias in species composition of mid-

den deposits (cf Dial and Czaplewski 1990).

Second, little is known about the beha\iorul

ecology of bushy-tailed woodrats. AnaK sis of

these midden contents prox ides information

on the foraging and collecting beha\ ior ol .V

cinerea in habitats differing in plant di\ersit\'

and species composition. Third, midden con-

tents ma\' mirror woodrat diets. Dial (19SS), in

a stud\ of -V. alhi^ula. .V. devia. and .V.

steplwn.si in a shrub-steppe/juniper woodland

ecotone, determined that plant clippings at

middens did reflect the diet of those woodrat

species, although the two were not strongly

correlated.

Weasked the followinu ((uestion: To what

extent do the species collected b\ bushy-

tailed woodrats and deposited in the den area

represent the a\ailability of plant species in

the habitat':^ Our results also provided infor-

mation on distances traveled by foraging

bushy-tailed woodrats. Diet per se will not be

discussed here.
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Study Area

Three sites in Gunnison Gounty, Golorado,

were studied. Robert B. Finley conducted

woodrat studies at these chfTs nearh 40 \ears

ago (Finley 1958). Finle\ I A and Finle\ IB are

different walls of a rock outcrop that forms a

small can\on. The canyon is located 4.5 km
north of .\lmont on the east side of Golorado

State Highway 135 at an elevation of 2530 m.

Finlev lA has a western exposure and IB faces

south. The cliffs are composed of sandstone

with granite caps. The nearl\- le\el cliff top is

sparsely vegetated compared to the area

below the cliffs. Spruce (Picea pungens) and

aspen {Popiilus tremuloides) are common
below Finlex lA cliff, and the area at the base

of Finley IB cliff is a sagebrush and mixed-

shrub conimunit>- with few trees.

The third site. Finle\ II, is 1.7 km south of

Almont along Highwa\- 135 at an ele\ation of

2400 m. The cliff has an eastern exposure and,

like Finley I, is sandstone. Finley II is in a

juniper/sagebrush community that includes

\ucca, cactus, and a \ariet\ of shiiib species.

The \egetation on top of and below the cliff is

similar Finley II is the most xeric of the three

sites.

These sites were chosen because the\' dif-

fered in xegetational composition and because

live-trapping confimied the presence of resi-

dent -V. cinerca populations.

Methods

Bushy-tailed woodrats do not lixe in mid-

dens themselves, and the stud\ site middens

tended to be diffuse and shallow, and were
unindurated; food caches were small, discrete

piles on rock or sandy soil. From 1 July
through 15 August 1986, all plant clippings

found on the surface of middens, in nearb\

food caches, and in the nests (not including

the nest material) were identified. In all but a

few instances identification of plant fragments

was possible at the site. For bre\ it\; we will

refer to all clippings from middens, caches,

and nests as being from middens. Fragments
from 20 middens were examined.

Wewere unwilling to permanentK- remo\e
den material for sifting or sorting due to an
ongoing woodrat behavior study. This may
have introduced a source of bias, since small

(<5 mmin length) plant fragments mav have

fallen into the loose debris pile of a midden

and not been recorded. However, xirtualK all

fragments in food caches and nests were
accessible, and some seeds and fine material

were recoxered from middens with oiu- proto-

col.

\egetation near the cliffs was sampled dur-

ing the second and third weeks of August and

was di\ided into three categories: (1) herba-

ceous plants, including cacti; (2) shrubs; (3)

trees, including saplings (diameter at breast

height <2.5 cm). Botanical nomenclature fol-

low's that of Weber (1976) and Barrell (1969).

All trees and shrubs within 30 mof the cliff

face at each site were included. Tree basal

area and shrub canop\ were calculated.

Herbaceous species within 30 m of the cliff

edge were sampled using 0.1-m- quadrats

that were placed by drawing numbers ran-

doniK and pacing off the appropriate dis-

tances. The minimum number of quadrats

needed to adequateK survey the community

was deteniiined b\ constucting a species-area

cune. Indixidual plants were counted except

for clonal species such as the grasses and

Antcnnaria, Arctostaphylos, and SelagincUa,

for which the percentage of groundcox er was

estimated. All species recorded in the mid-

dens and the habitat are listed in Appendix 1

and 2.

Results

One measure of concordance between
midden contents and species in the habitat is

the percentage of taxa the\ ha\e in common.
\\1ien \egetation was di\ided into categories

of woody (trees, shrubs) and herbaceous

(forbs, grasses) species, shared taxa ranged

from to 100% (Table 1). Woody species in

the habitat were better represented in mid-

dens than were herbaceous species, and at

two sites there was a greater overlap among
trees than among shrubs (Table 1).

\\'hen all taxa were pooled, oxerlap at the

three sites ranged from 27.8% at Finle\- lA to

48.59f at Finley II (Tiible 2). Remo\ing grasses

from the calculation increased the percent

overlap, and when onl\ wood)' species were

included, oxerlap increased markedK at all

sites (Table 2).

Sorensen's Index is commonly used to

assess similarities between plants in woodrat

middens and in the environment (Spaulding
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Table 1. Number of plant taxa in the middens (numerator) versus llu- iimiihtr ol plant t.i\a m tin- habitat (denonii
tor). Percent of shared taxa outside parentheses. .V = number of middens examined.

Tre. Shrubs

Finlev lA

A' = 6

Finlev IB

N = 7

Finlev II

.V = 7

75% (3/4)

100% (3/3)''

100% (2/2)

75% (6/8)

64% (9/14)

86% (6/7)"

Fori)

20% (6/31 ;"

36% (11/31)"

25% (4/16)

Cpasses

0% (0/12)

18% (2/11)

50% (4/8)

'Oiii.- spttics 111 inidcUii not louml grcnving witlim 30 in of tin- 1 litl hasc, Tlial ^|xCK^ nut iinliiclcil in tin- iiuiiiiTjIor

et al. 1990). SI \alues were relati\cl\ low; if

onl\ woody species were considered, the sim-

ilarity index was 80% or greater (Table 2).

Regardless of which categories of plants were

included in the calculation, the greater the

number of taxa present, the lower the similar-

ity index.

Discussion

In the years since Wells (1976) proposed a

connection between the wealth of plant

macrofossils preserved in middens deposited

by long-dead woodrats and ancient plant com-

munities, many paleontologists ha\e used fos-

sil woodrat middens to reconstruct Pleis-

tocene and Holocene \egetational associa-

tions and corresponding climates (e.g., Cole

1983, Cole and Webb 1985, Spaulding 1985).

The validity of these reconstructions rests in

large part upon the extent to which Neotoma

middens contain an accurate representation of

the surroimding vegetation.

The amount of overlap between taxa col-

lected by N. cinerea and taxa growing in the

vicinit\' (Table 2) was considerabK- lower than

in other studies. Spaulding (1985) reported a

68-84% overlap for taxa growing within 30 m
of an unspecified woodrat species' middens.

Dial and Czaplewski (1990) indicated an aver-

age of 71.8% overlap for \. alhi^ula, 45.8% for

N. devia, and 53% for N. stephemi. If, for each

of our sites, taxa that were uncommon and of

low biomass in the habitat and taxa that

appeared in only one midden and in low

abundance were omitted from anal> sis, then

overlap for Finley lA was 40%, Finley IB 53%,

and Finley II 64%. Omitting rare taxa increas-

es the degree of overlap, but still far fewer

than three-quarters of the common plants in

the vicinity appeared in the midden.

An average of 25% of all species present in

N. cinerea middens were herbaceous (range

for the three sites, 13.9-32.0%). There were
few herbaceous perennials in the areas sam-

pled by Spaulding (1985) and Dial and
Czaplewski (1990). If herbaceous perennials

are omitted from our S. cinerea data, the

o\ erlap increases from an average of 39.6%

lor all sites to an average of 78.2%. This latter

percentage is comparable to Spauldings
results (1985) and those for .V. alhi^ula 'Dial

and Czaplewski 1990).

Other workers assessed the similarity

between midden plant tiixa and habitat plant

taxa with Sorensen's Index. These similarity

indices generally were greater than the

43-63% obtained from our .V. cinerea data.

Published similarit\ indices were 67-84%
(Spaulding 1985), 80% (Cole and Webb 1985),

89% (Cole 1983), and 64-92% (Cole 1982) for

unnamed Neotonui. Vaughan (1990) reported

lower similarit) indices and listed appro.vi-

mate values of 50% for -V. uiexicana and

30-40% for N. lepida, N. albi^ula, S. stephen-

si, and N. devia. If onl\ wood\' taxa from the

N. cinerea data are included, the range for the

index is 80-89% (Table 2).

T.\BLE 2. (A) Percent of overlap between plant taxa

present in middens and those present in habitat. (B) Sim-

ilarit> between plant titva present in middens and those

present in habitat as calculated with Sorensen's Index. SI

= 2C/A + B where A = numln-r of species in nuddens. B

= number of species in habitat, and C = number of

species in both middens and habitat. Total number of

taxa in habitat: Finlev lA. 54; Finley IB, .59: Finley 11. 33.
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What conclusions can be reached from

inspection of these data on different Neotoma

species h\ing in various vegetational commu-

nities? Howaccurate!)' can the habitat \ egeta-

tion be predicted by analysis of woodrat mid-

dens?

It should be noted that t\pical paleomid-

dens differ from the modern middens ana-

lyzed in this study. Nonindurated modern

middens represent a shorter collection period

than do ancient indurated ones, ^^e have no

way of assessing whether plant clippings we
identified are an accurate sample of plant

debris that would accumulate during se\eral

\ears. Relati^eK- low frequencx' of grasses and

forbs in X. cinerea middens could be a result

of our o\'erlooking small plant fragments that

would be recovered in the sieving procedure

used on paleomiddens. However. Dial and

Czaplewski (1990) did not identify plant parts

<3 mmin diameter; yet they reported an

average overlap of 72% between modemmid-

dens of iV. alhigula and adjacent vegetation.

And. as stated earlier, we did identif\' some
small plant fragments in our middens, so a

strong bias against grasses and forbs as a

result of not including fine material does not

alone explain the low o\erlap between these

types of plants in the middens and in the

habitat.

Plant species richness in the -V. cinerea

habitat was considerabK' greater (.V = 33-59)

than at other sites. For example, at Spauld-

ing's (1985) sites, there were 14-19 taxa; Dial

and Czaplewski's (1990) transects included 20

species plus sexeral grasses. When the results

of all studies were compiled, Sorensens Index

was, in general, negatively correlated with

species diversity —the greater the habitat

diversity; the lower the degree of concordance
between midden contents and habitat. In

diverse habitats then, the predictability of

habitat vegetation from midden contents is

reduced.

Different woodrat species exhibit different

degrees of selectivity during collecting (Dial

and Czaplewski 1990, Vaughan 1990). Dial's

(1984) removal experiment showed that mid-
den contents changed, sometimes drastically

following a change in the species of the den
occupant. A', cinerea and iV. mexicana are con-
sidered generalist collectors (Finley 1958,
Vaughan 1990), whereas .V. stephemi is a spe-
cialist and unquestionablv its middens offer a

strongly biased account ol the \egetational

community' (\aughan 1982). Howe\"er, our N.

cinerea data indicated that although .V.

cinerea midden contents include many plant

species, less than 50% of the species within 30

mof the midden are represented. W'hen con-

sidering all plant taxa, our .V. cinerea middens

are not very good predictors of the habitat

\egetation. This is true in habitats of different

levels of di\ ersit\, even though cinerea is

among the most catholic collectors within the

genus. In fact, bushy-tailed woodrats are

more selecti\e the greater the vegetational

di\ersit\.

If howe\er, paleontologists are primarily

concerned with community t\pe rather than

specific floral components, woodrat middens

probabK" are good predictors. There is strong

concordance between the wood\' species col-

lected b\' woodrats and the woody species

found in the enxironment. Since communities

with wood)' flora can be characterized in large

part b\" which wood\- species are present (e.g.,

Engelmann spruce/subalpine fir forest vs.

ponderosa pine forest), community type and

associated climate can be ascertained using

midden contents, as long as the species

responsible for the midden is not one whose

extreme selecti\it\ introduces substantial

bias.

Indi\idual -V. cinerea had home ranges

much larger than 60 m in diameter (Erase

unpublished data), but only three plant

species present in middens did not grow
within 30 mof the cliff edge. Cirsium undula-

tiim, present in only small amounts in only

one midden at each site, grew w ithin 40 m of

the cliff edge. A bit o{ Juniperus scopulorum

was present in one midden at Finle\' IB. The
only taxon that appeared in significant

amounts in middens despite its absence close

to the cliff was Eurotia lanata, winterfat, at

Finley II. Winterfat was quite common 50 m
and more from the base of the cliff. Thus, with

one exception, our bushy-tailed woodrats

need not traxel more than 30 m from home to

forage.

In general, most species of woodrats do not

travel \"en" far to forage (summarized in Fin-

ley 1990), and the bushy-tailed woodrats in

this study conformed to that pattern. It is

largely assumed that this behavior greatly

reduces the risk of predation. Results of our

midden analysis present an intriguing ques-
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tioii we are currently iinestigating: Ifwoodrats
at our sites can satisfy their foraging needs
within a 30-ni radius of their dens, and if it is

risk\ to travel away frotn the shelter of the

cliff, then why, even outside of breeding sea-

son, do individuals regularly travel distances

of 100-500 m from their dens?
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